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Abstract

Despite significant advances in the treatment of cancer in canine patients, gastrointestinal toxicity
still remains a relatively common finding after chemotherapeutic treatment. These adverse events
may cause a fundamental reduction in the patient’s quality of life. To improve the well-being of the
patients, and to minimize the risk of adverse events following chemotherapy, the mechanisms and
reasons behind the development of adverse events have to be understood. There are several possible
factors that might affect the risk of developing chemotherapy-induced gastrointestinal toxicity,
however, there are currently no standardized methods for reviewing, mapping or measuring these
factors within the field of study. The use of questionnaires, in combination with non-invasive
biomarkers, could therefore potentially be a stress-free and favourable way of investigating the
correlations between chemotherapy and gastrointestinal adverse events as well as a way of
predicting which animals that are at risk for gastrointestinal toxicity.

A prospective study at University Animal Hospital (UDS) in Uppsala, Sweden, was performed with
the ambition of investigating the connection between chemotherapeutic treatment and the
development of gastrointestinal toxicity. The main aim of this study was to find possible influential
factors leading to the development of gastrointestinal adverse events after chemotherapeutic
treatment. The study was divided into two questionnaire-based parts with questions directed to
owners of dogs with a cancer diagnosis. The first questionnaire reviewed potential influential factors
in the everyday life and diet of the dog which could be related to the development of chemotherapy-
induced adverse events. This questionnaire also examined the frequency of gastrointestinal events
as well as concurrent illnesses and treatments. The second questionnaire focused on the occurrence
and assessment of gastrointestinal toxicity in dogs treated with chemotherapeutic medication based
on VCOG-CTCAE (version 2).

A total of eight dogs with cancer of different ages, sexes, and breeds were included in the study.
According to the owners, 87% (n=7) of the dogs had experienced some form of mild gastrointestinal
disturbance without the need for supportive therapies during the last year. Three of the eight canine
patients continued with chemotherapeutic treatment and could be assessed through the second
questionnaire. In total, 67% (n=2) dogs experienced different grades of gastrointestinal adverse
events (loss of appetite, diarrhoea) within three to five weeks after their first chemotherapeutic
treatment.

The questionnaires show promise to be used in studies with similar aims, possibly in combination
with the analysis of biomarkers. However, due to the small study population, the results from this
study may not be representative of a larger population. It is not possible to determine whether the
gastrointestinal events that were reported in this study were caused by the cytostatic agents or if they
had another aetiology. Therefore, further studies must be performed regarding potential influential
factors as well as to investigate the actual clinical utility of the questionnaires. Further studies
regarding the use of non-invasive biomarkers such as calprotectin and/or gut microbiota may also
be of importance to examine the association with the development of gastrointestinal adverse events.

Keywords: Calprotectin, cancer, canine, chemotherapy, cytostatic medication, dog, gastrointestinal
toxicity, gastrointestinal adverse events, gut microbiota, influential factors, questionnaire
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1. Introduction

Neoplastic diseases are important in dogs, and cancer is one of the leading causes
of death in canine patients (Adams et al., 2010; Bonnett et al., 2005; Hoffman et
al., 2018; Veterinary Cancer Society, 2022). Treatment of cancer in our companion
animals has greatly improved over the last few decades and several different
therapeutic options are now available.

Some neoplastic diseases can be treated with chemotherapy. However, this form of
treatment may be associated with unwanted side effects (i.e., adverse events) from
several organ systems (MacDonald, 2009; Tomiyasu et al., 2010; Vail, 2009). One
of the most common adverse events is gastrointestinal toxicity, with clinical signs
such as vomiting, nausea, and diarrhoea (Vail, 2009). The prophylactic use of
medication may reduce the risk of unwanted side effects following treatment, and
this preventative treatment is in many instances sufficient for maintaining a good
quality of life (Pang & Argyle, 2016). In some patients, however, cancer treatment
may lead to the development of adverse events which have the ability to severely
impair their quality of life (Chavalle et al., 2022). On some occasions, the toxicity
can become so severe that the disadvantages outweigh the advantages, making the
continuation of treatment indefensible without intervention.

To improve animal welfare, and to reduce the risk of gastrointestinal adverse events
during chemotherapeutic treatment, there is a need for a wider understanding of the
correlation between cytostatic agents and gastrointestinal toxicity and the
mechanisms behind it. The possibility to predict which animals may be at risk for
developing gastrointestinal adverse events may be of great value in order to
customise treatment protocol and optimise the use of prophylactic medication.
Furthermore, it allows the clinician to focus intensive pre-treatment on certain
predisposed animals. This is of great importance since reducing the risk of these
adverse events can be vital and life-changing for canine cancer patients.

In addition to being of great importance for canine patients, the potential use of
questionnaires or biomarkers, such as calprotectin or the gut microbiota, may also
be useful in human medicine to evaluate the risk for adverse events after cancer
treatment (Hoffman et al., 2010; Thamm, 2019). Dogs have been suggested as an



ideal model for understanding human cancer in translational medicine due to their
physiological similarity to humans, their similar clinical presentation of cancer, and
their reactions to its treatments (Hoffman et al., 2010). Progress in veterinary
oncology may therefore not only be of importance for animal cancer patients, but
also for potential advances in human oncology

The main aim of this study are the piloting of two questionnaires for predicting and
assessing gastrointestinal adverse events. The first questionnaire reviews possible
influential factors in the everyday life of the canine patient that might relate to the
development of gastrointestinal adverse events after chemotherapeutic treatment.
The second questionnaire is focused on gastrointestinal toxicity in canine patients
after chemotherapy, as well as their well-being and quality of life after treatment.
Secondary aims are to provide a literature overview regarding the connection
between cytostatic medication and the development of gastrointestinal toxicity.
Additionally, a literature overview regarding possible biomarkers in faeces will be
performed in order to assess their potential use in combination with the
questionnaires to facilitate the identification and assessment of canine patients at
risk for developing gastrointestinal adverse events after chemotherapeutic treat-
ment.
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2. Literature review

2.1 Cancer in canine patients

2.1.1 Cancer-related mortality in dogs

The risk of death following cancer in dogs is relatively high. It is estimated that
neoplastic diseases are the cause of death in one of four dogs, although the absolute
mortality is not fully known due to difficulties in obtaining reliable and consequent
data (Reif, 2007).

A study of mortality in dogs in the United Kingdom reported cancer as one of the
most commonly reported causes of death, with proportional mortality of 27% in the
purebred dogs included in the study (Adams et al., 2010). Earlier studies have also
found a relatively high proportional rate of cancer-related deaths, ranging from
14.5% in a Danish study by Proschowsky et al. (2003) to 23% in a necropsy study
by Bronson (1982). Bonnett et al. (2005) investigated the mortality in 350,000
Swedish insured dogs and found that 18% of death cases in canine patients under
10 years of age were tumour related. It is also well recognized that there are
differences between breeds and their risk for developing cancer due to their genetic
composition or size (Bronson, 1982; Dobson, 2013; Proschowsky et al., 2003). The
incidence rate and mortality of cancer also increase with age and are affected by
sex (Adams et al., 2010; Bonnett et al., 2005; Bronson, 1982; Dobson, 2013;
Proschowsky et al., 2003).

2.2 Cancer treatment in canine patients

Cancer treatment in dogs has increased significantly during the last 20 years (Pang
& Argyle, 2016). The main therapeutic options for canine neoplasia include
surgery, chemotherapy, and radiation therapy, used alone or in combination with
other treatments (Gustafson et al., 2013; Wolfesberger et al., 2012). During the last
decades, advances in cancer immunotherapy treatment have also been made,
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making immunotherapeutic treatment a possible option for managing or treating
cancer in both human and veterinary patients (Morrison, 2010; Regan et al., 2016).

2.2.1 The choice of cancer therapy

Therapy choice is made based on multiple aspects about the patient and their type
of cancer. Some factors to take into consideration are tumour type, tumour cell
sensitivity, histologic grade, stage of the disease, patient’s age, concurrent
morbidities, and tolerance to side effects as well as the decision of the owner
(Gustafson et al., 2013). Many things may influence the owner’s decision on
treatment. Some owners are concerned with the potential negative impact on the
patient’s quality of life due to the possible development of severe treatment-related
side effects. This concern often arises due to knowledge of chemotherapeutic
treatment in human medicine, which more often is associated with severe side
effects (Elting et al., 2003). Further reasons for a specific choice of therapy, or for
excluding a therapy, can be the owner’s economic abilities. Some treatment options
can be expensive, and the possibility of prolonged or supplementary treatment as
well as the risk or need for hospitalisation following treatment could be a risk some
owners aren’t willing to take. Furthermore, client enthusiasm also plays a
substantial role in the choice of initiating and continuing cancer therapy (Vail,
2009).

The main goal of cancer treatment is complete remission, i.e., to eradicate and cure
cancer permanently. However, this is often not entirely possible. The main focus of
the treatment given to canine patients is often rather to stop further cancer
development and spread of malignant neoplastic cells, and to increase the duration
and quality of their lives (Gustafson et al., 2013).

2.2.2 Chemotherapy

Surgical options for removing and limiting the spread of neoplasia are most
common and effective for local cancer types, early-stage disease, and tumours with
low metastatic potential (Farese et al., 2013). However, chemotherapeutic medica-
tion may be an effective and suitable option for cancer therapy depending on the
therapeutic intent and goal. Cytostatic therapy may be used as a primary treatment
or as adjuvant therapy following surgical or radiational treatment of a tumour. It
may also be used prior to other treatments in hope of reducing tumour size to
facilitate surgical removal (Gustafson et al., 2013). Effective chemotherapeutic
therapy in animals with sensitive tumours may result in extended long-term survival
and a greater quality of life (Gustafson et al., 2013; Vail, 2009).
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Most cytostatic agents target rapidly dividing cells by interfering with the cell cycle,
with the aim of shrinking, destroying or stopping the growth of cancer cells. This
is performed by affecting DNA replication and synthesis and in extension the
cellular division (Gustafson et al., 2013; MacDonald, 2009). However, the chemo-
therapeutic medication cannot differentiate between healthy and normal, highly
proliferative cells and neoplastic cells (Gustafson et al., 2013; MacDonald, 2009;
Vail, 2009), which increases the risk of possible adverse events.

2.2.3 Adverse events after chemotherapeutic treatment

Definition & mortality

The Veterinary Cooperative Oncology Group (VCOG, 2004; 2016) has published
a consensus document of common terminology criteria for adverse events following
chemotherapy in canine and feline patients, recently reviewed and updated by
LeBlanc et al. (2021). This consensus document provides a way to standardise the
classification and grading of adverse events. VCOG (Leblanc et al., 2021) defines
an adverse event (AE) as “any unfavorable and unintended sign, clinical sign, or
disease temporally associated with the use of medical treatment that may or may
not be considered related to the medical treatment”. The adverse events can be
graded on a scale of 1 through 5 based on the severity of the event, with 1 being
mild symptoms and 4 being life-threatening adverse events that require urgent
interventions. A grade 5 adverse event is often defined as death and is therefore
seldom used for grading treatment-related side effects. Although there are
standardised ways to score the severity of adverse events in both human and
veterinary medicine, the method for evaluating these events is not uniform or
standardised (Giuffrida et al., 2017). The use of a methodical and systematic way
to identify and report these adverse events is imperative to accurately assess the
frequency of toxicity in treatments and studies and to facilitate the comparison
between different studies.

Most patients tolerate chemotherapeutic treatment without any, or minimal, adverse
events (MacDonald, 2009). The majority of patients enjoy a good quality of life
during treatment and the owner's opinion following this therapy is often positive
(Cunha et al., 2016). It is generally described that 1 in 4 patients treated with
chemotherapeutic medication will experience adverse events and less than 5% have
a serious event that requires hospitalisation (Bowles, 2010; Cunha et al., 2017).
Some research has been carried out on the incidence of adverse events in canine
patients treated with certain protocols of chemotherapeutic agents. Cunha et al.
(2017) performed a retrospective study reviewing adverse events in 292 canine
chemotherapy patients and found that 20-25% of these patients developed adverse
events. The majority (83%) of these adverse events were considered mild (grade 1)
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toxicities. In another retrospective study on 155 dogs treated with chemotherapy,
adverse events were reported at least once in 80% of patients and severe adverse
events were observed in 32% of patients (Chavalle et al., 2002). A possible reason
for the large difference in incidence may be that the use of prophylactic medication
wasn’t standardised in their studies. Whilst these studies give an insight into the
incidence of adverse events in dogs, the general frequency of mild and severe
adverse events is, to this author's knowledge, rarely described.

Common adverse events following chemotherapy

Adverse events following chemotherapy are one of the major challenges in cancer
treatment and can be seen in many different organ systems due to the cytostatic
agents’ affinity for highly proliferative cells (Gustafson et al., 2013; MacDonald,
2009; Vail, 2009). Different chemotherapeutic agents can affect organ systems
differently, although the most commonly seen adverse effects are bone marrow
toxicity and gastrointestinal toxicity.

Bone marrow toxicity following chemotherapy

Bone marrow toxicity is the most common side effect of treatment with cytostatic
agents (Gustafson et al., 2013; MacDonald, 2009; Vail, 2009, Tomiyasu et al.,
2010). The chemotherapeutic agents often cause myelosuppression resulting in
peripheral blood cytopenias. Therefore, thrombocytopenia, anaemia, and different
types of granulocytopenias are all possible chemotherapeutic consequences, but
neutropenia is the absolute most common finding (MacDonald, 2009; Tomiyasu et
al., 2010). Lower neutrophil concentration in the body may allow enteric bacteria
to enter the bloodstream, with fever, septicaemia, and life-threatening sepsis as a
possible result (MacDonald, 2009).

The suppression nadir, i.e., where the blood cell count is at its lowest following
chemotherapeutic drug administration, varies with individual drugs. However, in
dogs and cats, the suppression nadir is often seen 5-10 days after treatment
(MacDonald, 2009). When using combination protocols containing different types
of cytostatic agents, it is of great importance to ensure that the nadirs do not
coincide to avoid additive effects on bone marrow suppression. Patients who prior
to treatment suffer from myelosuppression in any bloodline are generally at greater
risk of a more extensive suppression following chemotherapy. To ensure a reduced
risk of serious cytotoxic effects on the bone marrow following treatment, it is
standard practice to perform hematologic and chemistry blood work prior to
treatment (Backlund, 2021).

Although suppressive effects of bone marrow toxicity can have negative effects on
patient well-being, the suppression has at the same time been found to have positive
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effects on survival time after treatment. Wang et al. (2015) found that the patients
experiencing the most prominent bone marrow suppression had longer remission
and survival times than patients that did not experience bone marrow toxicity.
Therefore, they also suggested chemotherapy-induced neutropenia as a useful
marker for the prediction of treatment response.

Gastrointestinal toxicity following chemotherapy

The gastrointestinal tract is often highly affected by chemotherapeutic agents due
to the high mitotic rate of crypt cells (Vail, 2009; Wang et al., 2015). Therefore, is
gastrointestinal toxicity one of the most frequent and important adverse events
following chemotherapy in both human and canine patients (Chavalle et al., 2022;
Gustafson, 2013; Cunha et al., 2017; Elting et al., 2003; Vail, 2009; Tomiyasu,
2010).

Common adverse events due to gastrointestinal toxicity are vomiting, nausea,
diarrhoea, inappetence, and anorexia. There are many other potential side effects of
chemotherapy affecting the gastrointestinal tract, ranging from an increased amount
of flatulence or intestine inflammation to ileus and megaoesophagus. A complete
list of possible gastrointestinal adverse events after chemotherapy in canine patients
can be found in VCOG-CTCAE (version 2, Leblanc et al., 2021). The adverse
events can also be of different severity, extending from asymptomatic or mild to
severe and life-threatening.

A gastrointestinal adverse event caused by cytostatic treatment is chemotherapy-
induced nausea and vomiting, abbreviated CINV (Hesketh, 2008; Vail, 2009).
Generally, CINV can be acute or delayed. The acute form of CINV is defined as
nausea or vomiting within the first 24 hours after chemotherapy. Acute CINV may
develop due to specific therapeutic agents or arise if an infusion is performed too
rapidly (Gustafson, 2013; Vail, 2009). Delayed CINV occurs 2-5 days after
chemotherapy treatment. The delayed form of CINV is most frequently seen, often
presenting as inappetence, nausea, and vomiting (Vail, 2009). The pathological
mechanism of CINV is not fully clarified, although it is suggested that the acute
form of CINV can be caused by damage to the intestinal epithelial cells (Logan et
al., 2008) and/or efferent stimulation of the chemoreceptor trigger zone (Hesketh,
2008; Vail, 2009). Currently, antiemetic medication is often included in the
chemotherapy treatment protocols since prophylactic treatment of CINV is far
superior to the treatment after symptoms have occurred (MacDonald, 2009; Vail,
2009).

Diarrhoea after cytostatic treatment is also a fairly common adverse effect, affecting
up to 60% of human chemotherapy patients (Stein et al., 2010). The same number
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in canine patients is not completely known. CID may cause dehydration, mal-
nutrition, and hospitalisation; however, the severity and frequency of the events
depend on the type of drug and schedule for administration (Stein et al., 2010). The
pathophysiological reason for the development of CID is not completely
understood, but several reasons are suggested. Through research on animal models
it has been found that a possible cause of CID is cytotoxic effects on intestine crypt
cells and gastrointestinal lining (Gibson et al., 2006; Richardson & Dobish, 2007).
Following crypt cell and mucosal damage, the absorptive surface area and other
intestinal functions may be altered, resulting in an inability to absorb water from
the intestines, resulting in diarrhoea (Gibson et al., 2006). Secondly, the normal
composition of the intestinal microflora may be altered due to cytostatic treatment.
The damage to the crypt cells may facilitate opportunistic bacterial adherence to
damaged tissue, which may cause dysbiosis and/or overgrowth of opportunistic
bacteria (Gibson et al., 2006). Richardson and Dobish (2007) also suggest changes
in the enzyme balance as a possible cause for the development of CID. Damage to
the bowel mucosa may also result in a higher risk of sepsis since this secondarily
enables bacterial translocation over the intestinal wall. This may arise secondary to
mucosal damage and concurrent neutropenia facilitates bacterial translocation
(Vail, 2009). Preventing and managing CID is therefore essential for maintaining
an acceptable quality of life during cancer treatment.

Incidence of gastrointestinal adverse events

The incidence of gastrointestinal adverse events varies with the use of different
chemotherapeutic agents. Tomiyasu et al. (2010) evaluated adverse events in 40
dogs with different treatment protocols using VCOG-CTCAE (version 1.0) and
found an incidence of gastrointestinal adverse events (grade 2 or higher) in 8.1%,
17.0%, and 50% for treatment with doxorubicin, cyclophosphamide, and vincristine
respectively. The severity of the symptoms also varied with the treatment protocol.
Tomiyasu et al. (2010) also found that patients with a higher stage of disease
encountered a higher risk of suffering from adverse events following treatment. In
another study by Chavalle et al. (2021) reviewing the medical records of 155 dogs
receiving chemotherapy with different treatment protocols, a total of 14.8%
suffered from gastrointestinal events. Cunha et al. (2017) studied adverse events in
292 dogs and instead found vomiting in 21% of patients, diarrhoea in 20% of
patients, and inappetence in 20% of patients. These results suggest a fairly high risk
of developing gastrointestinal toxicity following chemotherapeutic treatment.

16



2.3 The gut microbiota in dogs

A factor suggested for the development of gastrointestinal disturbances following
chemotherapy is alterations in the composition of the normal gut microbiota, i.e.,
dysbiosis (Gibson et al., 2006; Zitvogel et al., 2017).

2.3.1 The normal gut microbiota

The microbiota is commonly defined as the spectrum of living microorganisms
currently present within a defined environment (Marchesi et al., 2015), including
bacteria, archaea, protists, protozoa, fungi, and algae (Berg et al., 2020). Non-living
microorganisms (e.g.viruses, plasmids, phages) are typically not included in this
definition (Dupré et al., 2009), but can be included in other definitions
(Suchodolski, 2011). The word microbiota is often mistaken for the word
microbiome, despite being different terms. The microbiome is instead defined as a
“characteristic microbial community occupying a reasonable well-defined habitat
which has distinct physio-chemical properties” as written by Whipps et al. in 1988.
This definition has since been further endorsed in a commentary article from a
workshop of leading international experts in the microbiome field, written by Berg
et al. (2020). This article suggests the definition of the microbiome as the
microbiota along with their “theatre of activity”, referring to their microbial
structures and metabolites, their genome, and the surrounding environmental
conditions (Berg et al., 2020; Marchesi et al., 2015).

Composition of the normal gut microbiota

The different parts of the gastrointestinal tract hold different kinds of micro-
organisms due to anatomical and physiological reasons (Suchodolski, 2005).
Because of this, various types, species, and strains of microorganisms have certain,
specialised functions in the gastrointestinal tract and can utilise host nutrients while
providing metabolites available for host uptake (Suchodolski, 2011). The micro-
organisms composing the microbiota can interact with the host in different
manners; they can be symbiotic (i.e. benefitting from each other by being
mutualistic), commensals (i.e. benefitting from each other while not disturbing one
another), pathogens (i.e. capable of causing disease), or parasitic (i.e. using the host
to survive without giving anything in return) (Desselberger et al., 2018).

The knowledge of the gut microbiome in canine patients is much less complete than
in humans. In the last few decades, however, the development and use of
metagenomic sequencing methods have allowed progress to be made in the field of
mapping the canine gut microbiota (Gavazza et al, 2017; Simpson et al., 2022;
Suchodolski et al., 2008a, Suchodolski et al., 2008b, Suchodolski et al., 2011,
Swanson et al., 2011).
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Bacteria in the normal canine gastrointestinal tract

Overall, the healthy gut microbiota in all mammals is predominantly constituted of
bacteria (Swanson et al., 2011). It is estimated that the gastrointestinal tract in dogs
contains 10*2-10'* microbial cells (Suchodolski, 2016). The total bacteria count and
diversity in the gut microbiota in canine patients varies along the gastrointestinal
tract, with increased bacterial numbers aborally along the digestive tract
(Suchodolski, 2011). The concentration of bacteria also varies between the gut
mucosa and gut lumen (Mentula et al., 2005). It is approximated that the stomach
microbiota in dogs contains 10'-10¢ colony-forming units (CFU) of bacteria per
gram or millilitre of content (Johnston, 1999). The canine duodenum and jejunum
generally accommodate a relatively small number of bacteria, typically 10° cfu/g,
but ranging up to 10° cfu/g (Johnston, 1999; German et al., 2003), while the ileum
contains greater bacterial numbers, approximated to 107 cfu/g (Suchodolski, 2011).
The ileum also contains a more heterogeneous microbiota. The colon of the dog
holds the highest bacterial count, ranging from 10° to 10! cfu/g of faeces (Mentula
et al., 2005).

The normal canine intestinal tract is home to several hundreds of bacterial
phylotypes (Suchodolski et al., 2009; Swanson et al., 2011). According to
Suchodolski (2011), the most common bacterial types in dogs include “Firmicutes,
Bacteroidetes, Proteobacteria, Fusobacteria, and Actinobacteria”. Together, these
bacterial groups constitute over 99% of all gut microbiota. The same results have
been found in a metagenomic study conducted by Swanson et al. in 2011. The
general distribution of the population of bacteria along the canine intestine has also
been investigated in several studies by Suchodolski (2009; 2011). In the small
intestine, aerobic or facultative aerobic bacteria predominated; the duodenum and
jejunum held bacteria such as Clostridia, Proteobacteria, and Lactobacillales
whereas anaerobic bacteria could be found in greater abundance in the ileum and
colon, predominated by Bacteroidales (Firmicutes, Bacteroides, and Fusobacteria).

Other microorganisms in the canine gastrointestinal tract

Fungi, archaea, protozoa, and viruses also reside in the gastrointestinal tract of most
mammals, although their role, influence, and interaction with their host remain
uncertain (Suchodolski, 2011). It is also unclear what effects some of these
microorganisms have on the development and continuation of gastrointestinal
diseases (Suchodolski, 2011).

Yeast and moulds have been found in the faeces of healthy Beagle dogs (Mentula

et al., 2005) and a study by Suchodolski et al. (2008b) showed that several types of
fungi can be found in the intestine in up to 76% of dogs. Suchodolski et al. (2008b)
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also suggested that opportunistic fungi with pathogenic abilities may be found in
the canine gastrointestinal tract.

Archaea, a type of bacterial-looking organism without a cell nucleus, can also be
found along the gastrointestinal tract of dogs where they represent approximately
1% of the total microbiota (Swanson et al., 2011). These commensals are usually
found in the intestine of ruminants but can also be found in the intestine of other
mammals (Swanson et al., 2011).

A diverse community of viruses can also be found in the canine intestine. Recent
metagenomic studies found that viral sequences answer to less than 0.4% of the
canine microbiota, with over 99% being associated with bacteriophages (Swanson
et al., 2011). Kempf et al. (2010) reported that the most common viral findings in
the canine gastrointestinal tract are rotavirus, coronavirus, and parvovirus.

2.3.2 The normal function of the gut microbiota

The gut microbiome plays a crucial role in many bodily functions and overall host
health of all mammals (Suchodolski et al., 2012; Suchodolski, 2016). In all
mammals, the gut commensals primarily aid in digestion and nutrient metabolism.
Some members of the microbiota have the ability to convert and metabolise dietary
products through different processes such as fermentation and hydrolysis to
facilitate nutrient uptake of the host (Young, 2017). The ability to ferment dietary
substrates into short-chain fatty acids (SCFA) (acetate, propionate, and butyrate) is,
for example, significant for energy production and is of importance for gastro-
intestinal health and the gut immune system (Jandhyala et al., 2015; Suchodolski,
2011). Some microbes also have the spectrum of activity to synthesise important
cofactors or vitamins and may also be able to facilitate the metabolism of drugs and
toxins (Young, 2017). In addition to this, non-pathogenic bacteria also contribute
to the integrity of the intestinal barrier and structure of the gastrointestinal tract by
acting as a barrier against pathogenic microorganisms. They also affect intestinal
permeability and can help prevent the colonisation of pathogenic microorganisms
(Jandhyala et al., 2015; Suchodolski, 2011).

The intestinal microbiome also has an essential role in the development of the innate
and adaptive immune system in both humans and animals (Suchodolski, 2011;
Jandhyala et al, 2015). It has an immunomodulatory effect on the body by working
together with the innate and adaptive immune system both systematically and
locally, e.g. by contributing to the development and shaping of the normal lymphoid
tissue in the digestive tract (Jandhyala et al., 2015). Host microbiota and immune
system work together to maintain a balanced inflammatory response to develop
tolerance towards the non-pathogenic bacteria and host tissue in the gastrointestinal
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tract while enacting an inflammatory response in the presence of pathogenic
bacteria required for eradication (Abt et al., 2012; Petersen & Round, 2014). If this
balance isn’t upheld, there is a risk of unwanted immune responses.

2.3.3 Dysbiosis

As previously mentioned, the normal gut microbiota and host cooperate to maintain
a homeostatic, well-balanced immune response to keep the host healthy. If the
microbial composition somehow is altered, there is a risk for negative effects, both
on the diversity of microbes and the immune system function (Petersen & Round,
2014). This event of microbial imbalance is referred to as dysbiosis.

Petersen & Round (2014) suggest three categories of dysbiosis: (1) Loss of
beneficial microorganisms, (2) Reduced diversity, and (3) Pathobiont expansion.
Disruptions to the normal composition may cause a diversity loss, mainly affecting
the favourable commensals, which allows potentially harmful bacteria (i.e.
pathobionts) to grow and divide excessively (Petersen & Round, 2014). For
example, an increased abundance of certain microbes, such as members of the
family Enterobacteriaceae, has been found to be a marker of dysbiosis in both
human and dog patients (Rivera-Chavez et al., 2017; Vazquez-Baeza et al., 2016).
Pathobionts are usually not pathogenic in immune-competent hosts since the
beneficial bacteria keep them at a low level. However, the domination in the gut of
these pathobionts may cause inflammation and pathology (Petersen & Round,
2014).

Broadly defined, dysbiosis refers to any alteration in the composition and/or
concentration of the microbiota in relation to the composition found in a healthy
individual (Petersen & Round, 2014; Suchodolski, 2016). Studies in human patients
have implied individual and interindividual variations in normal microbial
composition in the gastrointestinal tract due to genetics, age, diet, host environment,
the use of antibiotics, as well as the use of pro- and prebiotics (Turnbaugh et al.,
2007; Schwabe & Jobin, 2013; Petersen & Round, 2014). This has also been studied
in animal patients. Different types of dietary habits have in studies been found to
impact the abundance of certain types of bacterial groups, primarily affected by the
overall macronutrient composition (recently reviewed by Pilla & Suchodolski,
2020). This can be further endorsed by Simpson et al. (2002) and Middlebos et al.
(2010) who suggested that exogenous factors, such as diet and fibre content, to
some extent can influence microbiota in canine patients. In contrast, AlShawaqgfeh
et al. (2017) found no significant impact of dog food containing different amounts
of fibre, fat, or protein content on the gut microbiota in dogs with inflammatory
enteropathy compared to healthy dogs. The lack of correlation between protein
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content and a higher dysbiotic index has also been found in previous studies
(Minamoto et al., 2015; Vazquez-Baeza et al, 2016).

2.3.4 The gut microbiota and cancer

Exogenous factors, as listed above, may cause alterations of the microbial
composition in the gut, causing dysbiosis which can lead to inflammatory states and
diseases. Studies in human and veterinary patients have shown associations
between intestinal dysbiosis and gastrointestinal diseases or disorders, such as
irritable bowel disease (IBD), irritable bowel syndrome (IBS), granulomatous
colitis (Suchodolski et al., 2012; Honneffer et al., 2014, Vich Vila et al., 2018) as
well as cancer (Gavazza et al., 2017; Herstad et al., 2018; Omori et al., 2017).

In recent years, evidence suggests that the gut microbiota plays an important role
in the development and pathophysiology of cancer, however, the actual causality
between cancer and dysbiosis still remains unclear. Specific pathogens have been
found as a possible cause of the development of some cancer types due to the acute
inflammatory response that follows an infection (Rosadi et al., 2016; Peek &
Blaser, 2002). Overall disruptions and imbalances in the gut microbiota ecosystem
and homeostasis may also play an essential role in the development of cancer, both
in human and animal patients (Zitvogel et al., 2017). Many pathogens, primarily
viruses, can promote cancer through various genetic and immunomodulatory
mechanisms. In some cases, viruses may perform genomic integration to integrate
viral genome into host DNA, which has been found in both human and canine
cancer types (Epiphanio & Santos, 2021; Pagano et al., 2004; Thaiwong et al.,
2018). Another route for carcinogenesis is genotoxicity, where certain pathogen
strains may produce toxins by promoting genome instability, affecting host DNA
integrity, and/or affecting tumour suppressor genes (Pagano et al., 2004; Rosadi et
al., 2016). Microorganisms may also, in addition to acute inflammation, trigger
chronic inflammation, which directly and indirectly can promote cancer
development (Coussens & Werb, 2022; Fukata & Abreu, 2008).

It is well known that the development of cancer involves many alterations in bodily
functions, structures, and environments, which also affect the normal microbiota
and microbiome. Therefore, evidence suggests that some diseases may not solely
be attributable to single pathogens, but also to ecosystemic changes in the gut
microbiota (Khan et al., 2013). The normal gut microbiota is crucially involved in
the normal development and function of the adaptive and innate immune systems,
which are essential for the balance between inflammatory activation and tolerance
(Abt et al., 2012; Petersen & Round, 2014). The less stable microbial community
found during dysbiosis can therefore promote overactive or impaired local,
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regional, and systemic immune responses, resulting in inflammatory states which
may be pro-neoplastic (Schwabe & Jobin., 2013; Khan et al., 2012).

Intestinal dysbiosis in canine cancer patients has to some extent been investigated,
particularly in patients with gastrointestinal tumours. When investigating changes
in gut microbiota in dogs with multicentric lymphoma and comparing them to
healthy dogs, Gavazza et al. (2017) found significant changes in microbial compo-
sition as well as a higher dysbiosis index. This suggests a possible association
between systemic neoplastic disorder and effects on the intestinal microbiota.
Similar findings have been made by Omori et al. (2017) where dogs with intestinal
lymphoma and IBD were shown to have significant changes in faecal microbiota
compared to healthy dogs. In addition, microbial changes with a reduction of
health-promoting bacteria and an increase in potentially pathogenic bacteria have
also been found in dogs with colorectal cancers (Herstad et al., 2018). The effects
of microbial dysbiosis on non-gastrointestinal cancers are however rarely studied
(Viaud et al., 2013). These abovementioned studies have described changes in the
intestinal microbial composition but have not been able to distinguish whether
changes in the microbiota in cancer patients are a consequence of the neoplastic
changes or if they are causing them.

2.3.5 The gut microbiota and chemotherapy

Systemic chemotherapy is one of the most important and essential parts for treating
some types of neoplasia in both humans and dogs. However, systemic cancer
therapies can affect the gut microbiota, which in turn could influence the chemo-
therapeutic treatment response (lida et al., 2013). Chemotherapy may induce
alteration in the normal gut microbiota composition and its diversity (Zitvogel et
al., 2017). In addition, dysbiosis and an overgrowth of potentially pathogenic
bacteria that might follow may negatively impact the treatment response
(Aarnoutse, 2019).

The importance of microbial drug metabolism has been well-known since the 1960s
(Scheline, 1968), and the importance of the microbiota-driven modulation of
chemotherapeutic agents is increasingly recognized (Jia et al., 2008). The gut
microbiota may influence the efficacy, toxicity, and effect of most classes of
cytostatic agents by activating or inactivating the medication or by modifying the
immune responses (Alexander et al., 2017, Polk et al., 2010). These modulatory
effects of the gut microbiota may be direct; using deamination, demethylation, or
reduction to change the chemotherapeutic agent, or indirect by competing for host
enzymes or affecting the enterohepatic recycling (Wilson & Nicholson., 2017). In
a study conducted by Lehouritis et al. (2015), findings suggest that bacterial
biotransformation of different anti-cancer drugs could change the efficacy of their
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anti-tumour potential both positively or negatively, increasing or decreasing the
therapeutic effects. The gut microbiota may therefore, to some extent, explain
differences in treatment responses between individual patients, and their toxicity
profiles.

Several studies have investigated the effects of chemotherapy on the intestinal
microbial composition in human patients, recently reviewed by Aarnoutse et al.
(2019). The results from studies have all indicated that chemotherapy induces
drastic changes in the microbial composition in the gut, which might negatively
affect the efficacy of the treatment. Viaud et al. (2013) used mouse models to
investigate the role of intestinal gut microbiota in chemotherapeutic treatment.
They found that cyclophosphamide, a clinically important cancer drug, could alter
the gut microbiota sustainably. Significant reductions of commensal bacteria (e.g.
Lactobacillus johnsonii and Enterococcus hirae) could be found after 7 days of
treatment with cyclophosphamide, causing substantial alterations in the intestinal
microbiota. Furthermore, long-term antibiotic use caused translocation of gram-
positive bacterial species and affected some adaptive T-helper-driven cell responses
needed to lower the tumour burden in these mice. Similarly, Daillére et al. (2016)
demonstrated that cyclophosphamide modified the composition of the gut
microbiota and found that certain microorganisms present in the intestine were
important for the anti-cancer effects of the chemotherapeutic agent. These studies
indicate that a functional microbial ecosystem is important for both patient response
and some immunomodulatory effects. Understanding how the gut microbiota
influences and modulates chemotherapeutic treatments therefore of importance for
optimisation for patients undergoing cancer treatment and their quality of life.

2.3.6 Characterisation of the gut microbiota

Cultivation has for a long time been a technique commonly used for the characteri-
zation of the microbial composition in the gastrointestinal tract (Mentula et al.,
2005, Simpson et al., 2002). This approach is specifically useful for the detection
of specific pathogens and for testing the microbial sensitivity of different
antibiotics. The use of the cultivation method is limited since it is highly biased
toward a few phylogenetic groups, primarily bacteria and fungi (Overmann et al.,
2017). It is also recognised that most intestinal bacteria cannot be cultivated using
classical cultivation methods (Fraher et al., 2012; Suchodolski, 2016). The majority
of the microbial species in a sample can therefore not be properly identified, and
many previous studies using culture-dependent approaches have therefore very
likely underestimated the diversity in the intestine, in both animal and human
samples (Suau et al., 1999; Suchodolski et al., 2004; Suchodolski, 2016).
Cultivation is therefore not suited for assessing more complex environments such
as the gut microbiota. During the last few decades, the use of molecular techniques
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for characterising more diverse microbial environments has increased dramatically.
This technique is based on the identification of 16S ribosomal RNA found in most
bacteria and has greatly improved the speed and efficiency of microbial profiling
in comparison to its predecessor (Suau et al., 1999; Suchodolski et al, 2004).

2.4 Faecal calprotectin

Calprotectin is a calcium- and zinc-binding protein complex consisting of two
proteins from the S100-family. The protein was first described by Fagerhol et al. in
1980 and has since then been studied frequently. With current techniques, the
protein can now be measured in several biological fluids and tissues, e.g. including
serum and faeces (Pathirana et al., 2018; Enderle et al., 2022). Calprotectin
concentration in faeces seems to be more specific for gastrointestinal diseases
(Pathirana et al., 2018; Enderle et al., 2022), possibly due to neutrophil migration
in inflamed gastrointestinal tissue (Pathirana et al., 2018).

Calprotectin is primarily expressed in neutrophil granulocytes, but it is also,
although to a lesser extent, found in macrophages and monocytes (Bjarnason, 2017,
Fagerhol et al., 1980; Pathirana et al., 2018). In neutrophils, the protein accounts
for approximately 60% of the cytosolic protein fraction, and higher concentrations
of the protein can therefore be found in the presence of neutrophils (Bjarnason,
2017; Pathirana et al., 2018). Neutrophil granulocytes are common effector cells in
the early phase of the inflammation cascade and will release cytosolic granules,
including calprotectin, on the site of chemoattraction (Bjarnason, 2017; Boussac et
al., 2000; Striz et al., 2004). Therefore, the amount of calprotectin released in the
inflamed area can be perceived as a reflection of the number of participating
neutrophils in the inflammatory event (Bjarnason, 2017; Yui et al., 2003).
Furthermore, calprotectin has an additional effect on the innate immune response
since it acts as a mediator in inflammation by acting as a damage-associated
molecular pattern protein, also known as alarmins (Fengming et al., 2014,
Heilmann, 2017). These mediators may contribute to the recruitment of other
inflammatory cells, such as monocytes, to the inflammatory site (Catalan et al.,
2011). The protein also has effects on the neutrophils themselves by facilitating
adhesion and phagocytosis of neutrophils (Fengming et al., 2014; Heilmann, 2017).
Several independent studies have shown that calprotectin is associated with both
acute and chronic inflammation (Bjarnason, 2017; Enderle et al., 2022, Heilmann
& Allenspach., 2017; Pathirana et al., 2017). Thereby, this concludes that
calprotectin can play a regulatory role in the inflammatory process and that
calprotectin has the potential to be used as an inflammatory biomarker.
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Faecal calprotectin is routinely used in human medicine as a non-invasive sensitive
biomarker for inflammation in the gastrointestinal tract (Pathirana et al., 2017;
Bjarnason, 2017). In human patients, the protein is most commonly used to identify
IBD and other intestinal diseases, as well as monitor disease activity and response
to treatment. 1t may also be helpful for the prediction of disease relapse (Bjarnason,
2017; Smith & Gaya, 2012; Pathirana et al., 2017).

In veterinary medicine, calprotectin concentration is mostly studied in patients with
inflammatory gastrointestinal diseases, such as IBD or chronic inflammatory
enteropathy (Grellet et al., 2012; Heilmann, 2015; Otoni et al., 2018). Studies have
shown higher faecal calprotectin concentrations in dogs suffering from chronic
diarrhoea than in healthy control dogs and they have also found a significant
correlation between histological lesions in the gastrointestinal tract and higher
faecal calprotectin levels. Furthermore, Otoni et al. (2018) also suggested correla-
tions between the severity of disease and higher levels of inflammatory biomarkers
in faeces. In conclusion, these findings indicate that higher levels of calprotectin
may correlate to the severity of gastrointestinal disease and thereby inflammation,
which supports the use of faecal calprotectin as a non-invasive method for the
evaluation of gastrointestinal inflammation. Further studies are however required
to evaluate the clinical utility of faecal calprotectin in different inflammatory states
in veterinary medicine.

To this author’s knowledge, there are no studies reviewing changes in the
concentration of faecal calprotectin prior to and after chemotherapeutic treatment
in canine patients.

2.4.1 The analysis of calprotectin

As stated above, calprotectin has the potential to be used as a non-invasive bio-
marker for diagnosis and severity in canine patients suffering from enteropathies.
Although calprotectin can be found in both animal and human patients, the use of
human immunoassays for calprotectin analysis in animal patients has failed, which
makes the method for analysis of the protein in animals less available. Enderle et
al. (2022) suggest that this may be caused by the human assay using monoclonal
antibodies against human calprotectin. Therefore, the use of species-specific
antibodies is needed for analysis. Enderle et al. (2022) and Heilmann et al. (2008)
have both evaluated methods for the analysis of canine calprotectin, both in faeces
and serum. Heilmann et al. (2008) validated a radioimmunoassay as a sensitive and
accurate approach for the quantification of calprotectin while Enderle et al. (2022)
instead verified the turbo immunoturbidimetric assay as a precise and reproducible
assay for analysis of faecal calprotectin in cats and dogs. Recently, a new sandwich
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enzyme-linked immunosorbent assay technology was available for the analysis of
calprotectin in serum, plasma, and other biological fluids (Abbexa, 2022)

Faecal calprotectin, and calprotectin found in other biological fluids, is highly
resistant to most types of degradation, including degradation from intestinal and
pancreatic enzymes and bacteria (Bjarnason, 2018). The protein is also stable,
withstanding over 7 days at room temperature (Bjarnason, 2018). The stability of
the protein and the possibility of non-invasive sample collection could potentially
make faecal calprotectin a good biomarker for the evaluation of inflammatory states
in the gastrointestinal tract.
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3. Material and Methods

3.1 Literature review

The relevant data for the literature review was obtained by searches in the databases
“Web of Science”, “PubMed”, “Science Direct”, “Google scholar”, and “Primo”.
Search words were used in various compositions. The most frequently used words
were: “Canine”, “Dog”, “Chemotherapy”, “Chemotherapeutic”, “Cytostatic”,
“Adverse Event(s)”, “Side effects”, “Gastrointestinal”’, “Gut microbiota”,
“Intestinal microbiota”, “Microbial composition”, “16S rRNA” and “Calprotectin”.
Additional search words were used less frequently and will therefore not be
mentioned. Articles from both human and veterinary medicine were used. A few
review articles were used due to the lack of relevant articles on the topic.

3.2 Study design

A prospective study was performed at University Animal Hospital (UDS) in
Uppsala, Sweden, with the main aim of finding potential influential factors in the
lives of canine patients resulting in the development of gastrointestinal toxicity after
chemotherapeutic treatment. In the prolongation of this study, the gut microbiota
and faecal calprotectin will be analysed prior to and after chemotherapeutic
treatment in order to investigate their clinical utility as biomarkers for gastro-
intestinal toxicity. The results from the analysis of the biomarkers will then be
interpreted along with the answers from questionnaires.

All medical records of dogs with visits to the oncology clinic at the University
Animal Hospital (UDS) between September 2022 and November 2022 were
reviewed. Patients that were possible candidates for chemotherapeutic treatment
were contacted. As a standard procedure, the owners of these dogs were contacted
and were sent information about the study through email. If the contact information
regarding email did not exist, owners were contacted through UDS’s normal
channels (i.e. through text message). Informed consent was obtained from all
owners before enrolment in the study.
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3.2.1 Study population

The inclusion criteria for participation in the study were to visit the oncology clinic
at UDS and to have a cancer diagnosis without any previous treatment with
chemotherapeutic medication. Dogs receiving their first chemotherapeutic
treatment had the possibility of additional participation in the study at their return
visit. For further participation, normal routine bloodwork and return visits after
three to five weeks were required. Patients not fulfilling these criteria were
excluded. Dogs were also excluded from the second part of the study if for some
reason their treatment was ended before their first return visit, if the collection of
faeces needed for the study was unsuccessful or if they chose to end their
participation in the study.

3.2.2 Study data & clinical variables

In the first questionnaire, the clinical variables collected through medical records
and questions answered by the owner were breed, sex, age, weight, and feeding
habits. Further questions were asked concerning gastrointestinal events during the
last year (mainly focusing on frequency and episodes of vomiting and diarrhoea),
current comorbidities and/or illnesses as well as any concurrent treatments and
supportive therapies. This questionnaire contained both open-ended and “yes” or
“no” answers. The full questionnaire can be found in Appendix 1.

For the patients undergoing cytostatic treatment, medical records were reviewed
between the first and second visit to identify any changes in treatment protocol,
contact with the veterinary clinic and/or the possible need for hospitalisation as well
as the reason for this.

The patients receiving chemotherapeutic treatment were asked to answer a second
questionnaire, presented at their first return visit. This survey focused on gastro-
intestinal events following chemotherapeutic treatment. Any changes in weight
since the last visit were noted. This questionnaire collected information about the
dogs' well-being and activity level after cytostatic treatment. The activity levels
were graded from 1 to 4 as follows: 1, normal activity; 2, mild fatigue; 3, moderate
fatigue; 4, severe fatigue. The quality of life was graded from 1 to 3 where 1 is
normal, 2 is mildly decreased and 3 is severely decreased quality of life. The
questionnaire also collected information about any new or terminated medication
or supportive treatments, the need for hospitalisation or visits to veterinarians
during treatment, and changes in feeding habits. The main focus of the second
survey was signs of gastrointestinal toxicity, graded based on VCOG-CTCAE
(version 2, 2021). The full questionnaire can be found in Appendix 2.
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3.2.3 Evaluation of gastrointestinal adverse events

The presence of gastrointestinal adverse events following chemotherapy was
evaluated based on their divergence from normal dogs. The signs of adverse events
were identified, and the severity was graded based on the criteria for adverse events
from the VCOG-CTCAE guidelines, version 2 (LeBlanc et al., 2021). The
gastrointestinal adverse events were graded from none (0) to severe (4). Since grade
5 gastrointestinal events implied death, this grade was not assessed in this study.
This second questionnaire contained both open-ended and “yes” or “no” questions
as well as systematic questions with pre-defined answers derived from the VCOG-
CTACE grading scheme (version 2, LeBlanc et al., 2021). The prevalence,
frequency, and severity of adverse events were evaluated using a questionnaire (see
Appendix 2). In addition, the patient's well-being, current treatment, and contact
with the hospital or need for hospitalisation were monitored through their medical
records.

3.2.4 Sample collection & processing

Faecal samples were collected from all canine patients enrolled in the study on the
day of their visit to the oncologic clinic. Faecal samples from dogs proceeding with
chemotherapeutic treatment were collected on their first return visit to the clinic
after their first chemotherapy session. The time for return visits varied between 3
to 5 weeks based on the treatment protocol and owner compliance.

Instructions for collecting and storing the sample were specified in the information
sheet sent to the owners before their clinic visit. The owners were instructed to
collect the faecal samples on the evening prior to, or on the day of, their visit. The
collection was instructed to be performed in a way that reduced the risk of bacterial
and/or environmental contamination. The faeces should then be stored at 4°C until
their visit, no more than 24 hours after collection. At the clinic, the sample was
retrieved, and a pea-sized portion of the faeces (objective measurement) was
transferred into a container for analysis of the microbiota. The remaining faeces
was resealed into a clear plastic bag for analysis of calprotectin. The respective
containers were labelled with the date of collection and the patient identification.
The faecal samples were then stored frozen at —20°C until analysis or further
processing.

3.2.5 Sample analysis

Faecal samples were collected and prepared as described above. Neither
calprotectin nor microbiota analyses could be performed within the time frame for
this study but will be analysed in a larger-scaled forthcoming study. Therefore, the
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following paragraphs will provide an overview of methods that will be used in
future studies reviewing the same subject.

Analysis of the gut microbiota

The gut microbiota in dogs with cancer will be assessed through 16S rRNA gene
amplicon sequencing. Analysation will be performed to assess types and semi-
qualitative proportions of bacteria in the samples, both prior to and after treatment
with cytostatic medication.

DNA is isolated from 0.2 grams of faeces using the QlAamp DNA Mini Kit
(QIAGEN, GmbH, Hilden, Germany). The procedure follows the manufacturer’s
instructions, but an additional mechanical lysis step is added to improve the lysis
of bacterial cell walls. This step is performed using 0,1 mm zirconium/silica beads
(Biospec Products INC, Bartlesville, USA). Isolated DNA will then be stored at -
20°C until further processing and analysis. 16s rRNA gene amplicons are generated
using the primers and sequenced by Illumina sequencing. Polymerase chain
reaction amplicons (PCR amplicons) (PCR; using Phusion® High-Fidelity PCR
chemistry (New England Biolabs, Ipswich, MA, USA)) are then generated using
universal primers (806R and 515F, amplifying parts of the 16S gene) and are
assigned sample-specific barcodes. Thereafter, PCR reactions are performed after
which the positive and confirmed PCR product samples are purified with Qiagen
Gel extraction kit. Purified samples are then quantified and pooled into equal
amounts.

Processing and sequencing of the amplicons are performed on an Illumina HiSeq
platform 2500 at Novogene (Bejing, China). The pair-end sequence reads are
merged with FLASH (version 1.2.7, http:// ccb.jhu.edu/softw are/FLASHY/) and are
assigned to different samples using the sample-specific barcodes. The sequence
data is quality filtered using WIME (V 1.7.0) and any chimaera sequences are
detected and removed using the UCHIME algorithm (Version 7.0.1001). The
UPARSE software (version 7.0.1001) will cluster the remaining sequences to
generate OTUs (Operational Taxonomic Units), classified using 97% sequence
homology.

Analysis of faecal calprotectin

Evaluation of the calprotectin levels in the faecal samples will be performed by
using the Abbexa Dog Calprotectin ELISA Kit (Abbexa, 2022). The kit uses a
sandwich enzyme-linked immunosorbent assay technology for in vitro quantitative
measurements of the canine calprotectin concentrations in serum, plasma, and other
“biological fluids”. In this case, faeces will be analysed. The antibodies used are
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polyclonal and dog specific and developed to recognize the target at the Glu25-
Glu136 amino acid sequence on calprotectin.

After storage at -20°C, the faecal samples are thawed and homogenised. The
standard solution is prepared and used for serial dilutions, and the wash buffer is
diluted with distilled water. Thereafter, detection reagents A and B are prepared.
The reagents must be used within a maximum of 15 minutes after their preparation.
Extraction and analyses are thereafter performed according to manufacturer
instructions, following the standard methods for ELISA. In summary: standards,
test samples, and reagents are added to the wells on the pre-coated antibody 96-well
plate. The plate is covered and incubated at 37°C for 1 hour. Unbound conjugate is
removed using a wash buffer. Detection Reagent A-solution is then added to each
well and the plate is once again sealed and incubated for 1 hour at 37°C. The
solution is then discarded, and the plates are washed three times with wash buffer.
Detection Reagent B is then added to each well, and the plate is covered and
incubated for 30 minutes at 37°C. After this, the liquid is discarded, and the wash
process is repeated 5 times. TMB substrate is then added to each well and is mixed
using gentle taps. The plate is then incubated for 10-20 minutes at 37°C. After this,
a stop solution is added to each well. The intensity of the colour in the plate is noted
to determine the amount of calprotectin bound on the plate. The optical density is
then measured using spectrophotometric techniques at 45 nm in a microplate reader
and the concentration of calprotectin is then calculated. For complete and detailed
instructions, see the manufacturer manual.
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4. Results

A total of 29 dogs fit the inclusion criteria and were possible candidates for
enrolment in the study between September and November 2022. Of these 29
owners, 22 owners were contacted by email and 7 owners via text message through
UDS channels. Of the owners contacted through the veterinary hospital (text
message), four of seven owners (57.1%) enlisted in the study, while only 4 of 22
(18.1%) from the population contacted through email participated in the study. In
total, 26.6% of the contacted owners chose to participate in the study. Owners
participating in the first part of the study provided faecal samples from their dogs
and answered the first questionnaire.

4.1 Study population

A total of eight dogs with cancer were enrolled in the study by answering the first
questionnaire and providing faecal samples. Breeds included were Alaskan
Malamute (n=1), Chihuahua (n=1), Ceskoslovensky Vlciak, (n=1), Siberian Husky
(n=1), French Bulldog (n=1), English Springer Spaniel (n=1), Jack Russel Terrier
(n=1) and mixed breed (n=1). The median age was 12.3 years (range 6.9 to 16.1
years) and sex distribution was 2 castrated male dogs, 4 intact male dogs, 1 spayed
female dog, and 1 intact female dog. Of these seven dogs, three dogs met the
inclusion criteria for further participation in the study reviewing gastrointestinal
adverse events following chemotherapeutic treatments.

4.2 Questionnaire 1 — Canine patients with cancer

4.2.1 Dietary habits

The dietary habits of each dog were evaluated (See Figure 1). Five out of eight dogs
(62.5%) were fed both commercially made dry, pelleted dog and wet dog food as
their standard diet. The brands used varied. Of these five dogs, two patients (40%)
also received raw or cooked meat. Two dogs (25%) were only given dry, pelleted
food as their main diet. The last dog (12.5%) was only fed commercially made, wet
dog food. As treats, all patients received either commercially made dog treats or
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chewing bones (See Figure 2). Two of eight (25%) patients were occasionally also
given leftover food meant for human consumption as a treat. Dietary supplements
were given to one patient (12.5%) on a regular basis.

Dietary habits
Standard diet

Left over human food

Cooked meat
(boneless)

Raw, fresh meat (with
bones)
Raw, fresh meat
(boneless)
Commersially made dry
food
B Commersially made wet
I I I )
1 2 3 4 5 6 7 8

Dog (n)

Dietary habits

Figure 1: The different types of food included in the standard diets of eight different dogs with
cancer.

Dietary habits

Treats

B Left over human food

B Commersially made dog
treats

B Marrow bones

B Chewing bones

Type of treat

Dog (n)
Figure 2: The different types of treats regularly given to eight different dogs with cancer.

4.2.2 Gastrointestinal events

Seven out of the eight dogs (87.5%) included in this study reported at least one
episode of either vomiting or diarrhoea during the last year. One patient (12.5%)
had not experienced any gastrointestinal events in the form of vomiting or diarrhoea
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within the last year. Three of eight dogs (37.5%) were reported having experienced
both vomiting and diarrhoea within the last year (See Figure 3). Five of the eight
dogs (62.5%) reported a single episode of vomiting lasting one day and one patient
(12.5%) had had several episodes of vomiting lasting one day within the last year.
No patients had suffered from vomiting for more than one day for each episode.
Four patients (50%) experienced diarrhoea, of which two patients only had one
episode lasting one day during the last year, while two patients had several episodes
of diarrhoea with a duration of two days. No reports of diarrhoetic episodes lasting
over three days were reported. None of the dogs received any form of treatment (i.e
rest, change of dietary habits, medication, hospitalisation, operation) due to
vomiting, however, one patient received pro- and prebiotics in close proximity to
diarrhoetic episodes in order to ease recovery.

Gastrointestinal events

B Diarrhoea
I I I .Vomitmg
1 2 3 4 5 6 7 8

Dog (n)

Gastrointestinal event

Figure 3: Incidence and type of gastrointestinal events during the last year in eight different dogs
with cancer.

4.2.3 Diseases & medication

Two of the eight individuals (25%) included in this study reported comorbidities
that had lasted more than one year, however, only one of these patients was treated
with medication for this disease. Two of eight dogs (25%) had been treated with
antibiotic medication during the last six months, one of which also had been treated
with NSAID and glucocorticoids for a few weeks since the cancer was discovered.

4.2.4 Activity level & quality of life

The activity level and quality of life were evaluated by the owner based on the
subjective image of their dog’s well-being. Five of eight dogs (62.5%) were
reported having a normal activity level (grade 1) while the owners of three of the
eight dogs (37.5%) perceived the activity level of their dog as mildly decreased
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(grade 2) (See Figure 4). Six of eight owners (75%) perceived their dog’s quality
of life as normal (grade 1) while two of eight owners (25%) reported a mildly
decreased quality of life (grade 2) for their dog based on their dog’s current life
situation and well-being (See Figure 5).

Activity level (1-4)

Grade 2
37.5%

Grade 1
62,5%

Figure 4: Current activity levels of eight different dogs with cancer graded 1-4, subjectively
evaluated by the owners.

Quality of Life (1-4)

Grade 2
25,0%

Grade 1

75,0%

Figure 5: Current quality of life in eight different dogs with cancer graded 1-4, subjectively
evaluated by the owners.
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4.3 Questionnaire 2 — Canine patients treated with
chemotherapy

4.3.1 Changes & adverse events

Of the eight dogs participating in the first part of the study, four dogs continued
treatment with chemotherapeutic treatment. Three of those four dogs continued
their participation in this study. One of the three dogs (33%) had a slight weight
loss (1.9 kg, 5.7% of total body weight) leading up to the return visit three weeks
later. This is reported as a grade 1 adverse event. The other patients were stable in
weight during this period of time. None of the patients altered their planned
medication in any way, no dietary changes were performed, and no dog was given
dietary supplements.

All patients included in the second part of the study had reported at least one
previous gastrointestinal disturbance in the form of vomiting and/or diarrhoea
during the last year. In total, two of three (67%) dogs participating in this part of
this study experienced one or more gastrointestinal adverse events within three to
five weeks after their first chemotherapeutic visit. A loss of appetite was the most
common adverse event seen in this study, seen in two patients (100% of patients
experiencing adverse events). In the weeks leading up to their return visit, one
patient (33% of the total study population) experienced a loss of appetite during
<1 week following chemotherapy (grade 1 adverse event) while the second patient
(33% of the total study population) experienced a loss of appetite for a duration of
1-2 weeks after chemotherapy as well as diarrhoea lasting for more than 24 hours
(grade 2 adverse event). The third patient (33% of the total study population) did
not experience any documented gastrointestinal adverse events but did, as
mentioned above, experience a slight weight loss (grade 1 adverse event). See
Figure 6 for an overview of the reported incidence of gastrointestinal events and
weight loss in the three chemotherapy-treated patients. No patients with grade 3
toxicity or higher were found and none of the adverse events required medical
intervention or hospitalisation. Further, no dogs needed any unplanned dose
reductions of their current cytostatic drug or treatment protocol.
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Figure 6: Incidence of gastrointestinal adverse events and weight loss in three dogs within 5 weeks
after their first chemotherapy treatment.

4.3.2 Activity level & quality of life

Following chemotherapy, all patients (100%) were reported to have a normal
quality of life (grade 1) based on their current life situation and well-being. Two of
the three owners (67%) reported that their dogs’ quality of life and activity level
had improved with the treatment.
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5. Discussion

The objective of this study was to find influential factors in the everyday life of
canine patients that might affect the risk of developing gastrointestinal toxicity after
chemotherapeutic treatment. This was performed using questionnaires. Another
ambition of this study was to investigate the potential use of faecal calprotectin and
the gut microbiota through a literature overview in order to anticipate the risk of
developing gastrointestinal adverse events following chemotherapeutic treatment.
Due to practical constraints concerning the analyses of microbial composition and
calprotectin, these analyses could not be performed within the time frame for this
thesis. Therefore, this study will not provide a comprehensive review of the
correlations between the biomarkers and chemotherapy-induced gastrointestinal
adverse events. For the same reasons, the usability of the questionnaires and their
potential use in combination with the biomarkers cannot be fully examined.
Analyses of the abovementioned biomarkers and a more conclusive review of their
usability and their correlation with the questions asked in the questionnaires will be
performed in a forthcoming larger study on this topic.

5.1 The study design

This study was conducted using two questionnaires which were answered by the
owners of dogs with cancer during their visit to the veterinary clinic.

Only 26.6% of the contacted owners of dogs with cancer chose to participate in the
study. A few potential explanations for this relatively low percentage of responses
might be due to low interest in the study, perceived inconvenience, or confusion
about the purpose of the study. An interesting result in the search for the study
population was the effectiveness of different contact strategies. The majority of
owners (55%) contacted through the veterinary hospital (i.e. through text message)
chose to enrol in the study, while less than 20% of the owners contacted through e-
mail chose the same. This suggests that a text message-based way of contact sent
through official channels could be most effective to find a suitable, and hopefully
larger, study population. However, owner compliance and the size of the study
population are also factors to consider when interpreting these results.
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5.2 The questionnaires

The questionnaires for anticipating and predicting chemotherapeutic adverse events
are currently not standardised within the field of study. A standardised, objective
questionnaire based on risk factors for disease and the VCOG-CTCAE document
would therefore give clinicians and researchers a better opportunity for a consistent
approach when collecting, comparing, and evaluating data between studies. The
questionnaires that were created for this study were based on several possible
influential factors found in the literature review, as well as on the common criteria
for adverse events (VCOG-CTCAE, version 2, LeBlanc et al., 2021) in the effort
of standardisation. Although the study population was small, the owners
participating in this study answered the questions as intended, which suggests that
the questions were well-written and easy to understand. Although some additional
questions and clarifications could be added to these questionnaires, it could be
possible to use these questionnaires in future further studies with similar aims.
However, to fully determine their usability, further evaluation must be performed,
and a larger study population has to be used. In addition, in the prolongation of this
study, the questions also have to be evaluated, and potentially be revised, in
relations to the use of biomarkers or other relevant factors.

The ambition of the first questionnaire was to find influential factors in the diet or
day-to-day life of the dog which might be related to an increased or decreased risk
of development of adverse events after chemotherapeutic treatment. In summary,
the most obvious finding to emerge from the first questionnaire was that a majority
of the dogs in the study (87.5%) had experienced gastrointestinal disturbances in
the form of either vomiting or diarrhoea during the last year. Three of the eight dogs
(37.5%) had been afflicted with episodes of both vomiting and diarrhoea. None of
the patients required intervention of any kind. These results imply that most dogs
experience some form of mild gastrointestinal disturbance without need for
supportive therapies. This is be supported by the available literature. It is commonly
known that mild acute self-limiting diarrhoea and/or vomiting are common in the
dog population, affecting approximately 15-20% of all dogs within a two-week
period (Hubbard et al., 2007; Candellone et al., 2020). In a study by Edwards et al.
(2004), however, the same numbers for the same clinical signs and the same amount
of time varied between 1.8% and 2.2%. Despite the large difference in prevalence
between the studies, it can still be concluded that it is common with a mild form of
gastroenteritis in the general canine population. These studies investigated the
incidence of gastrointestinal disturbances during a two-week period. The timed
reviewed for gastrointestinal disturbances in this study was however a year. A
higher percentage of cases is therefore expected when examining the same clinical
signs during a larger amount of time, as performed in this study. Hubbard et al.
(2007) also concluded that diarrhoea and vomiting generally have a short duration,
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most episodes only lasting for only one or two days, and that, that diarrhoetic and
vomiting episodes often concur simultaneously. They also concluded and that the
majority of these patients do not require medical or surgical intervention.

The second questionnaire was developed to assess gastrointestinal reactions to
chemotherapeutic treatment. The treatment was in general well tolerated by all dogs
based on the reported incidence of gastrointestinal adverse events, as well as on the
improved, or static, estimated quality of life and activity level of the dogs. Two-
thirds of the treated dogs (67%) experienced different grades of gastrointestinal
events following chemotherapeutic treatment. The results from this study may
agree with the general knowledge that some dogs may experience adverse events
from the gastrointestinal tract after the use of cytostatic medication, as described in
other studies (Chavalle et al., 2002; Cunha et al., 2017). However, considering the
small study population, caution must be applied to its interpretation, as the findings
may not be completely reliable. As mentioned above, the results from the studies
by Edwards et al. (2007), Hubbard et al. (2007), and Candellone et al. (2020), may
support the possibility that the cases of gastrointestinal events found in patients
treated with chemotherapy in this study may have been caused by a more or less
common gastroenteritis rather than being an adverse event caused by chemo-
therapeutic medication. This can, however, not be concluded without further
research.

Since the findings in questionnaire 1 indicate that the majority of dogs experienced
some form of mild disturbance from the gastrointestinal tract, no certain
conclusions regarding the causality of chemotherapeutic treatment and the of
gastrointestinal adverse events can be drawn at this point. It is not possible to
determine whether the gastrointestinal events were caused by a common gastro-
enteritis, reactions to cytostatic medication, or if they had another aetiology. A
larger study population is required for more conclusive results.

5.3 Limitations & sources of error

There are several limitations and sources of error in this study that need to be
addressed. Firstly, due to the size of the study populations, the results and the
subsequent interpretation of them may not be representative for a larger population.
Data and samples from a larger number of patients could show more significant
results and correlations. Secondly, the time for return visits after chemotherapeutic
treatment is not standardised between patients due to different treatment protocols
and owner compliance. This could possibly affect the detectable concentrations of
calprotectin and acute changes in the gut microbiota since symptoms and analysable
alterations may be most prominent during the first days after treatment. This can
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make the comparison between individuals difficult. Since analyses of calprotectin
and microbiota could not be performed due to practical constraints, further
hypothesises of sources of error in these methods and their possible results will not
be included in this report.

Both questionnaires were written to get an overview of the life habits, treatments,
well-being, and gastrointestinal disturbances both prior to, and after, chemo-
therapeutic treatment. However, these questionnaires included several limitations.
The risk of bias and other sources of error is generally high in this type of
questionnaire-based research. Some of the questions included in the first part of the
questionnaire refer to gastrointestinal events during the last year. Due to this long
time frame, owners might not be able to recollect every episode of gastrointestinal
disturbance, nor their duration, severity or treatment. Hence, there is a considerable
risk of recall bias in questionnaire-based studies. Another important factor to take
into consideration is that some questions asked in both questionnaires were
subjective and might be left open to interpretation. This means that the intended
answers might not be provided, possibly discrediting the results. Additionally, the
questions used in the questionnaires are subjective to the owner’s opinions and
sightings. Gastrointestinal events might go unnoticed depending on whether the dog
shows any clinical symptoms, as well as on the attentiveness of the pet owner.

Additionally, the inability to analyse the faecal samples collected in this study
makes it difficult to determine whether the methods for collection and further
processing of these samples were effective. The collection, handling, storing and
processing of these samples are all able to influence the outcome of the analyses.
Modifications of the management of the samples might have to be performed after
its effectiveness has been reviewed in order to confirm its validity.

5.4 Potential therapeutic value

5.4.1 The potential therapeutic value of faecal calprotectin

The use of faecal calprotectin as a non-invasive biomarker for inflammation in the
gastrointestinal tract has been validated in human medicine, mainly for chronic
inflammatory states (Smith & Gaya, 2012; Bjarnason, 2017; Pathirana et al., 2017).
In small animal veterinary medicine, the use of the protein is currently limited, but
several studies have established faecal calprotectin as a potentially useful marker
of disease severity in dogs with inflammatory gastrointestinal disease (Grellet et
al., 2012; Heilmann, 2015; Otoni et al., 2018). The use in acute inflammatory
conditions in animal patients has not been investigated as frequently, but due to
calprotectin’s presence during both acute and chronic inflammatory states,
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calprotectin has the potential to be used in both cases. A favourable aspect of
calprotectin as a biomarker for the evaluation of intestinal health is that it is non-
invasive, resulting in reduced stress for the patient in comparison to other diagnostic
methods. Further studies regarding the clinical utility of faecal calprotectin are
warranted to evaluate its usefulness as a predictor of gastrointestinal adverse events
following chemotherapy, which could result in improved treatment and quality of
life in dogs with cancer.

5.4.2 The potential therapeutic value of the gut microbiota

The normal gut microbiota in canine patients has been mapped in several studies
and it has been found that cancer and systemic cancer therapies may induce changes
in the normal diversity and composition (lida et al., 2013; Zitvogel et al., 2017).
The gut microbiota can also mediate the patient response to chemotherapy through
different modulatory effects, and the immunomodulatory effects of some cytostatic
agents require a functional microbiome. It can therefore be hypothesised that the
differences in the microbial composition in the gastrointestinal tract may be a cause
of the different toxicity profiles and responses to chemotherapeutic treatment.

However, research on this topic regarding dogs is scarce, and there are no definitive
results on the chemotherapeutic impact on the microbial gut ecosystem and the
connections to the development of adverse events in canine patients. Further studies
are therefore required to determine the chemotherapeutic effects on gut homeostasis
in canine patients, and to determine whether there are any types of microbial
compositions that make individuals more or less predisposed to developing adverse
events after chemotherapy.

5.5 Conclusion

The questionnaires used in this study could potentially be used to evaluate and find
possible influential factors that might affect the development of gastrointestinal
toxicity, and to objectively evaluate findings of gastrointestinal toxicity after
chemotherapeutic treatment. Many questions used in the questionnaires are
extensive and could therefore be relevant for many types of studies reviewing the
same, or other related topics. However, to be able to draw accurate and significant
conclusions regarding the usability of the questionnaires, the study population must
be significantly larger. Hence, further investigations regarding their usability must
be conducted.

No definitive conclusions can at this point be drawn regarding the use of
calprotectin and the gut microbiota as biomarkers for the risk of the development

42



of gastrointestinal adverse events following chemotherapy. However, it is possible
to, at least to some extent, speculate regarding their theoretic usability. The
potential of the gut microbiota as an indicator for the risk of suffering from
chemotherapy-induced adverse events from the gastrointestinal tract shows
promise in the literature due to its’ importance for the homeostasis and mediation
of different therapeutic responses. Current research also suggest that faecal
calprotectin shows potential as a non-invasive biomarker in both human and animal
medicine due to its association with chronic and acute inflammation in the gut.

5.6 Further research and studies

This study reviews and studies an essential topic for future research since the effects
of adverse events significantly can affect the quality of life of patients during
cytostatic treatment. The use of a questionnaire for reviewing risk factors for
disease could prove to be a beneficial and non-invasive way of anticipating gastro-
intestinal toxicity. In the long run, the possibility of using biomarkers prior to
chemotherapeutic treatment could also be favourable to predict which individuals
might develop adverse events after cytostatic therapy. Using identified risk factors
and biomarkers, the clinician might be able to make more well-founded decisions
regarding treatment protocol and optimisation of prophylactic measures. This may
also allow the clinician to focus the use of preventative measures on predisposed
individuals.

While this study and literature overview provides an insight into the current
knowledge and potential use of biomarkers, further studies regarding calprotectin,
the gut microbiota and chemotherapy must be performed. The faecal samples
collected within the time frame for this thesis could later be used to investigate the
connection between chemotherapeutic treatment and gastrointestinal toxicity by
studying the microbial composition in the gastrointestinal tract prior to and after
cytostatic treatment. This may give an insight into how homeostasis in the
gastrointestinal tract may be affected by cytotoxic changes. A mapping of the
relative proportions of certain microorganisms in the gut microbiota may be useful
to determine the risk of developing dysbiosis and/or adverse events of different
severities. Another objective, in the prolongation of this study, could be to also
investigate the use of faecal calprotectin and its association with the development
of adverse events in the gastrointestinal tract following chemotherapy. Other
influential factors such as the type of cancer and its location as well as the effects
of comorbidities or comedication should also be investigated in future studies due
to their potential impact on the therapeutic effect of cytostatic medication, the
inflammation in the gut and effect on the gut ecosystem.
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Further research and studies with a larger study population are required to identify
risk factors and evaluate the usability of the questionnaires. Additionally, studies
reviewing the relationship between cytostatic treatment, the intestinal microbiota
and inflammatory markers in faeces have to be performed in order to determine
their actual clinical value.
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Popular science summary

Cancer and chemotherapy

Cancer diseases are important and common in dogs. There are several treatment
options for cancer and the choice of therapy is made based on several aspects of the
patient and the cancer type, including but not limited to: the age of the dog, other
diseases, the type of cancer as well as the economic capabilities and will of the
owner.

Chemotherapy is a type of treatment suitable for some cancer types and certain
individuals. This treatment affects rapidly dividing cells to shrink, stop the growth
of, or destroy cancer cells. However, since the medication is unable to differentiate
between cancer cells and rapidly dividing normal cells, there is a risk that the patient
may suffer from side effects, also called adverse events. Rapidly dividing cells can
be found in many parts of the body but are mainly found in the gastrointestinal tract
and the bone marrow. The most common adverse events after chemotherapy are
seen from the gastrointestinal tract, with common symptoms such as nausea,
vomiting and diarrhoea. These adverse events may affect the dogs' well-being and
quality of life and may also affect the dog owner.

The aim of the study

To improve the quality of life of dogs undergoing chemotherapy, it is important to
understand the connections between chemotherapeutic treatment and
gastrointestinal adverse events. The possibility of predicting which animals may be
at risk for developing gastrointestinal adverse events, and the reason for this, could
prove to be of value for veterinarians and other clinicians in order to optimise
treatment protocols and reduce the risk of the development of gastrointestinal
adverse events.

The ambition of this study is to understand the reason why chemotherapy-induced
side effects affect some dogs more than others and why the side effects are more or
less severe in different patients. The aim of this study is to find connections between
chemotherapy and the development of gastrointestinal side effects through the use
of two questionnaires as well as through a literature review regarding potential
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biomarkers for the risk of developing chemotherapy-induced gastrointestinal side
effects. The first questionnaire has the aim of finding potential influential factors in
the everyday life or diet of dogs with cancer that might lead to the development of
adverse events from the gut. The second questionnaire is focused on gastrointestinal
adverse events, well-being and quality of life in canine cancer patients after
chemotherapeutic treatment. In the long run, it could also be possible to use certain
markers of disease in combination with these questionnaires to find which animals
are at higher risk for the development of gastrointestinal adverse events.

Potential markers of disease

The gut microbiota includes the system of microorganisms found in the
gastrointestinal tract. Bacteria are the most common type of microorganism, but
other microbes such as fungi, archaea, protozoa, and viruses can also be found.
Different types of microorganisms have different functions in the body, and they
are collectively involved in maintaining good host health through different
spectrums of activity. If the gut microbiota is altered in any way, for example, due
to medication, there is a risk that the favourable bacteria die while bacteria with the
ability to cause disease might grow excessively. This event of a disruption in the
normal gut microbiota is called dysbiosis.

Another way of possibly understanding the effects of chemotherapy on the
gastrointestinal tract is using inflammatory markers, often called biomarkers. One
possible biomarker for inflammation in the canine gut is faecal calprotectin, a
protein routinely used in human medicine for chronic conditions such as
inflammatory bowel disease. The use of this biomarker is not common in veterinary
medicine, but studies on inflammatory conditions in the gut of dogs have shown
that the use of calprotectin could be promising for evaluating inflammatory diseases
and events in the gastrointestinal tract.

Material and Methods

Participants for this study were found at the University Animal Hospital (UDS) in
Uppsala, Sweden. A questionnaire was used to get an overview of possible factors
in the diet and day-to-day life of dogs with cancer that might have the possibility to
influence their response to chemotherapy. The owners of the dogs treated with
chemotherapy also answered a second questionnaire focused on how well the dog
responded to the anti-cancer treatment and on if the dog had experienced any
gastrointestinal adverse events.

Results and Discussion

To find a study population, the owners were contacted either through email or text
messages sent from the University Animal Hospital. An interesting finding was that

55



only 18% of the owners contacted through email chose to enrol in the study, while
more than 50% of the owners contacted through text messages did the same. This
suggests that text messages might be a more effective channel to find a study
population. A total of eight dogs with cancer were included in the first part of the
study, and of these patients, three patients continued with chemotherapeutic
treatment and continued their participation in the study.

The results from the first questionnaire showed that the majority of dogs in this
study (75%) had experienced either vomiting or diarrhoea during the last year, and
that bit more than one-third of the patients had had episodes of both vomiting and
diarrhoea during the same period. The second questionnaire found that two-thirds
of the chemotherapy-treated dogs had experienced different grades of
gastrointestinal adverse events after their treatment. This finding was similar to
what has been described in other studies, however, due to the small study population
of three individuals, these results are not completely reliable. Since the absolute
majority of patients that answered questionnaire 1 had experienced vomiting or
diarrhoea, it is not possible to conclude that the only reason for the gastrointestinal
disturbances in the patients treated with chemotherapy is related to their treatment.

The study had several imitations. Firstly, one of the greatest limitations of this study
was the small study population. Due to this, no significant conclusions could be
drawn. A larger study population is essential to be able to draw any conclusions.
Secondly, some of the questions asked in the questionnaire were regarding vomiting
and diarrhoea during the last year. It might be difficult for the owner to remember
the events and duration of the gastrointestinal disturbances during such a long time,
and therefore, there is a risk of wrongfully answered questions. Thirdly, some of
the questions asked in both the first and second questionnaires rely on the owner's
options and sightings of gastrointestinal events. Therefore, such events might go
unnoticed, and the frequency of these events can be underestimated, affecting the
result of this questionnaire.

Conclusions

The questionnaires used in this study could potentially be used to evaluate and find
possible influential factors or risk factors that might affect the development of
gastrointestinal adverse events after chemotherapy. They might also be used to
objectively evaluate the findings and severity of these adverse events. Since many
of the questions used in these questionnaires are wide-ranging, they might be able
to be relevant for other studies reviewing the same or similar topics. However, to
be able to draw accurate conclusions regarding the usability of the questionnaires,
the study population must be significantly larger.
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No conclusions can at this moment be drawn regarding the use of biomarkers for
predicting which animals may be at risk for developing gastrointestinal adverse
events after chemotherapy. However, their use show promise in the available
literature.

Further Research and Studies

This study and literature review gives an insight into the current knowledge and the
possible use of questionnaires and biomarkers, but further and more extensive
studies must be conducted for a wider understanding of the relationship between
chemotherapy, inflammatory markers in stool and the gut microbiota. Under-
standing gastrointestinal adverse events, and how to predict and prevent them, is of
great importance for the well-being and quality of life of dogs that are or will be
treated with chemotherapy.
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Appendix 1

Questionnaire 1

ENKAT 1

Min hunds matvanor
Ringa in de alternativ som passar far din hund.
1. Min hund &ter | huvudsak:
a) Kommersiellt hundfoder pa burk (blétfoder)
+ Vilket?
b} Kommersiellt torfoder for hund
o Vilket?
c) Ratt, farskt kitt utan ben
d) Ratt, férskt kitt med ben
e) Tillagat farski kott utan ben
f) Tillagat farskt kott med ben
g) Vegetarisk diet
h) Matrester

2. Férutom sina maltider, far min hund Sven &ta‘gnaga pa foliande. Ange endast om
hunden far det varie vecka eller oftare:

a) Tuggben

b) Margben

c) Godbitar (kommersiellt tillverkat hundgodis,  ex Frolic)
d) Tugghbitar fér 6kad munhalsa (t ex Dentastix)

g) Matrester

f) Leksaker fyllda med godbitar

g) Annat:

3. Utbver maltider och annan mat/godis, far din hund nagon form av fodertillskott?
{t.ex. probiotika, prehiotika, fiskolja, CBD-olja, grinidppad mussia).

a) Ja

b) Mej
Om ja, vilketivilka tillskott och hur ofta?
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Min hunds maende

Krikning

Ringa in de alfernativ som passar in far din hund:
1. Har din hund haft krakningar under det cenaste arei?

a. Ja
b. Megj

Om du svarat “Ja” pd ovanstaende fraga (frdga 1), svara d3 dven pa filjande fragor

om krdkning. Ringa in de altemativ som passar in fGr din hund ochdeller skrv i fritext

pa linjen.

2. Har din hund haft flera episoder av krakningar vid olika tillfallen under det

senaste aret?

a. Ja
b. Megj

3. Hur lange kraktes din hund vid den senaste episoden av krakning (en eller
flera tillfallen per dag)?

a. 1dag

b.
C.

2 dagar
3 dagar eller fler

4. Har din hund behandlats for krakning under det senaste aret?

a.
b.

Ja
Megj

5. Om du svarat ja pa fraga 4: vilken/vilka typ(er) av behandling(ar)
genomfars/genomfirdes?

a.
. Foderbyte

Vila

b
c. Medicinering
d.
g
f

Inskrivning pa djursjukhus fér behandling

. Operation

Annat:
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Diarre

Finga in alla alternativ som passar in.

1. Har din hund haft diarré under det senaste aret?
a. Ja

b Mej

Om du svarat *Ja* pa ovanstdende fraga (fraga 1), svara d& &ven pa faljande fragor
om diarré. Ringa in de alternativ som passar in for din hund och/eller skriv i fritext pa

linjen.

2. Har din hund haft flera episoder av diarréer vid olika tillfallen under det

senaste aret?

a. Ja
b. Mej

3. Hur lange hade din hund diarré vid den senaste episoden (en eller flera

tillidllen per dag)?
a. 1dag

b. 2 dagar

. 3 dagar eller fler

4. Har din hund behandlats for diarré under det senaste aret?

a.
b.

Ja
Mej

5. Om du svarat ja pa fraga 4 Vilkenfvilka typ(er) av behandling{ar)
genomfdrs/genomfirdes?

a.
. Foderbyte

Vila

b
. Medicinering
d.
g
f

Inskrivning pa djursjukhus for behandling

. Operation

Annat:
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Sjukdomar & medicinering
Ringa in alla alternativ som passar in.
1. Har din hund nagon underliggande sjukdom jutsver cancen?
a. Ja
b. Mej

Om du svarat “Ja” pa ovanstaende fraga (fraga 1), svara da dven pé foljande fragor
om din hunds sjukdomar och medicinering. Ringa in de afternativ som passar in 1or
din hund och/eller skriv i fritext pa linjen.

2. Vilkenfvilka sjukdom/-ar har din hund? (exempeiviz aliergi, 18D, njur- efler
levergjukdom, hormonell giukdom, hudsjukdom, hjgrsjukdom).

3. Hur lange har din hund haft denna sjukdomidessa sjukdomar?
a) Mindre &n & manader
b) Mer &n 6 manader, mindre &n 1 &r
c) Mer&n1 ar

4. Star din hund pa ndgon behandling mot denna sjukdom/dessa sjukdomar?
al Ja
b) Mej

5. Om du svarat ja pa frga 4, villken behandling star din hund pa?
a) Specialfoder, isafall vilketivilka?:

b) Tillskott, isafall vilketivilka?:
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b (fortsattning)

¢} Medicinering, isafall vilketivilka?

d) Annat:

Har din hund behandlats med antibiotika under de senaste 3 manadema?
a. Ja
b. Mej

Behandlas din hund med nagra andra mediciner i hemmet utdver de som
namnts ovan (fraga 5 & 6) under det senaste halvaret?

8. Ja

b. MNej

Om du svarat ja pa fraga 7, vilken/vilka mediciner behandlas din hund med?
{Inkludera inte de du redan har ndémnt i fraga 5)

jur beddmer du din hunds aktivitetsniva just nu?

1.
2. Lindrigt tratt

3.

4. Mycket tritt, maste skrivas in pa djursjukhus for att &ta och fa hjélp med

Mormal

Mattligt triitt, orkar endast ga upp fér avidring och urinering samt for att &ta.

urinerings- och avféringsbeteende.
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Hur upplever du hundens livskvalitet just nu? jhundens vezituation och viiméends)
1. MNormal livskvalitet
2. Lindrigt nedsatt livskvalitet
3. Kraftigt nedsatt livskvalitet

Tack for ditt deltagande!
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Appendix 2

Questionnaire 2

ENKAT 2

Denna enkdt besvaras vid férsta dterbesdket effer pabdrjad cytostatikabehandling.

Din hunds maende efter cytostatikabehandling
1. Har din hund pabérjat nagen ny medicinering sedan cancerbehandlingen
pabirjats, utdver fireskriven medicinering i samband med
cytostatikabehandlingen? (t ex. smértindring, behandling mot eventuelia
biverkningar, antibiotika)

a. Ja

b. Mej
m ja, vilketivilka lakemedel har tillkommit och nar bérjade hunden behandlas
med det?

2. Har din hund oplanerat avsiutat nagon medicinering sedan
cancerbehandlingen pabarjats? (t.ex. smérfiindring, ldkemedel som orsakat
biverkningar, annat)

a. Ja

b. Mej
m ja, vilken medicinering har avslutats? Nar och varfor avslutades
behandlingen?

3. Har din hund behdvt besdka veterinar eller skrivas in pa djursjukhus sedan
cancerbehandlingen paborjats?
a. Ja
b. Mej
m ja, nar och varfér?
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Nedan foljer en lista pé mdjliga biverkningar fran mag-tarmkanalen efter

cytostatikabehandling. Ringa in det alternativ i respektive rad i tabellen som

stammer for din hund sedan forsta behandlingen med cytostatika.

Effekter 1 2 K] 4

Aptit Minskad aptit under Minskad aptit under | Minskad aptit =2 -

=1 vecka. 1-2 veckor. veckor.

Anorexi Ej &tit pa =48 h. Ej &tit pa 2-3 dagar. | Ej &tit pa 3-5 dagar Ej &tit pa
med patagligt =h dagar
minskad vikt. med

patagligt
minskad
vikt.

Farstoppning

Tillf&lliga

forstoppningssymtom.

Tillfalliga behov av
laxeringsmedel eller
behov av att andra
kosten.

Ihallande
forstoppningssymtom
Regelbundet behov
av laxeringsmedel.

Forstoppningssymtom
s0m paverkar
hundens dagliga
aldivitet. Behov av
veterinarhjalp.

Diarré Minskad konsistens | Diarré =24 h. Diarré som kraver -
pa avioringen eller inskrivning pa sjukhus
mild diarré som varar och som paverkar
under =24 h som daglig aktivitet (ata,
loser sig sjalv. dricka, sova,
urinering, avforing).
Buksmérta Inga tecken pa Bukzmarta-kramper | Buksmarta-kramper |-
buksmarta. aliar ach
slemmig eller blodig | feber
avfaring elier _
eller inskrivning pa
behov av lakemedel | djursjukhus i =48 h.
aliar
inskrivning pa
djursjukhus =48 h.
lilamaende Salivation eller Salivering eller - -
smaskande, kréver smaskande, kraver
ingen atgard. atoard.
Krikningar Krékning <24 h, Krakning =24 h. Krakning som kraver |-

kréver ingen atgard.

inskrivning pa sjukhus
alfer

Krékning som
paverkar hundens
dagliga aktivitet.
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Ringa in det alternativ i respektive rad i tabellen som stammer for din hund

sedan forsta behandlingen med cytostatika.

Effekter

Inga
biwerkningar

1

2

3

Svarighet att
svilja

Lite svart att svalja
men kan &ta normal
mat.

Paverkat atbeteende,
kraver t. ex.
forandrade matvanor
eller forandrad
foderkonsistens.

Kraftigt paverkat
atbeteende, behdver
behandlas pa
djursjukhus.

Fisar

Normalt.

Mer &n vanligt.

Mycket mer &n
vanligt.

Andra
biverkningar
fran mage/tarm
som ej listats
ovan

Fritext:

Tack for ditt deltagande!
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